Study objective-To evaluate the completeness of notification of deaths by the National Health Service Central Register (NHSCR) for England and Wales. Design-Deaths for a birth cohort were ascertained through scanning the relevant volumes of NHSCR. Attempts were made to confirm these deaths and additional deaths were ascertained through searching local records. Logistic regression was used to investigate how the probability of a death being missed by NHSCR varied with the year of birth, age at death, sex, and social class.
that many babies who died soon after birth were not therefore recorded. In parallel with the increasing use of NHSCR for epidemiological purposes, there has been a substantial and continuing improvement in its clerical procedures since the mid 1960s. (7 Epidemiol Community Health 1997; 51:438-442) In order to investigate the health of children born in Cumbria, in particular in relation to parental employment at the Sellafield nuclear installation, a database has been constructed by the North of England Children's Cancer Research Unit (NECCRU) of all 264 046 babies born in Cumbria in the 40 year period since 1950.12 Death, cancer, and emigration registrations have been obtained for the cohort from the National Health Service Central Register (NHSCR). To ensure complete ascertainment of deaths, a medical practitioner checked hospital and other records in the region for the period. This process identified a number of deaths for which notification had not been received from NHSCR. As medical records in Carlisle and Whitehaven hospitals were more complete than for the rest of Cumbria, the NECCRU and NHSCR decided to carry out a collaborative audit of the ascertainment of deaths which had occurred in the area served by these hospitals, which corresponds closely to the CA postal area (see fig 1) , to ascertain how many had been missed by NHSCR and why. The results were analysed with respect to the year of birth, age at death, sex, and social class.
Methods
The birth cohort comprised all children born between 1 January, 1950 and 30 September, 1989 to mothers resident in the area defined as Cumbria in the local government reorganisation of 1974.' The acquisition of the data and the data linkage have been described in detail by Parker et al. 1 '2 The live and stillbirth registers for Cumbria for the study period were obtained on microfilm from the Office for National Statistics, formerly the Office of Population Censuses and Surveys (OPCS) and entered onto a database at NECCRU. The 264 046 live births were linked to 7514 deaths which had occurred not only in Cumbria but throughout the United Kingdom and abroad.
The 4481 deaths occurring in this cohort in the CA postal area (see fig 1) Table 2 Number of births for which local records were found (category (a)), as a proportion of the total number of deaths initially notified by National Health Service Central Register (NHSCR) (categories (a) and (c)) in relation to time period of birth nothing was ascertained either from NHSCR or from searches of local records. Although our primary concern was to describe missed deaths it was clearly important to examine whether those deaths found in local records were representative of all deaths. To explore this, the software package STATA" was used to carry out a logistic regression'2 to determine whether the probability of finding a death in local records was related to year of birth and age at death. This modelled the probability of deaths in categories (a) and (c) falling into the category (a) and hence allowed us to assess whether the subset of deaths for which local records had been found was an unbiased sample.
Having assessed the bias in the sample as fully as possible with this preliminary analysis, we then proceeded with the main analysis. To investigate how the probability of a death being missed by NHSCR varied with year of birth, age at death, sex and social class, a further logistic regression was carried out with these as the explanatory variables and whether or not a death had been missed by NHSCR as the outcome. This modelled the probability of deaths in categories (a) and (b) (confirmed and missed) falling into the category (b) (missed deaths).
Confidence intervals for proportions were calculated using the exact binomial method. '1
Results
The audit focused on the 4481 deaths known to have occurred in the CA postal area. Local records were found confirming 3338 deaths (81% of those initially notified by NHSCR), and identified a further 342 which had originally been missed, see table 1. As a preliminary step, the possible bias in finding local records was assessed. Local records were more likely to be found for those born more recently (see table 2 ). Although local records were more also likely to be found for those who died at an earlier age, this effect was not significant after allowing for the time period of birth.
The main analysis was then carried out. The deaths which were missed by NHSCR but found through local searches (category (b)), were examined. The reasons why these deaths were missed and the numbers in each category affected are presented in table 3. Logistic regression showed that both the time period of birth and age at death needed to be included in the statistical model describing the probability of a death being missed. The distribution of the deaths missed by NHSCR (category (b)) is shown in To investigate whether missed deaths were more likely to be due to particular causes, the numbers of deaths were summarised by cause, as reported on the death certificates and also on local records, see table 5. There was one neonatal death of a foundling in the CA postal area for which it was impossible for OPCS to find a birth draft. For seven further neonatal deaths, the birth of the child did not appear to have been registered.
Discussion
A birth cohort study such as this allows precise estimates of the probability of deaths in early life being missed by NHSCR. However, as follow up has so far continued only until the end of 1989, when the oldest members of the cohort would be aged 40 years, it does not allow estimates of the probability of missed deaths in middle or later life.
As shown in table 1, confirmative local records were not found for 18% of the deaths occurring within the audited area which were notified by NHSCR. The question arises as to whether the deaths found in local records were in any way a biased sample. Table 2 shows that failure to find local records was concentrated among children born in earlier years. As these were also the children for whom deaths were most likely to be missed (see table 4), we conclude that we are likely to have underestimated the true number of deaths missed by NHSCR, especially in early years, since a larger proportion of these deaths would not be found by either route of ascertainment. Table 3 shows the various reasons why deaths were missed. The main areas of concern relate to neonatal deaths in the 1950s (categories 1 and 2). A possible explanation for the blank entries (category!) is that registrars of births may have notified NHSCR of the number of births in their subdistrict each quarter, resulting in an allocation of NHS numbers and the reservation of a corresponding number ofblank lines on the NHSCR, but the actual details of each child may only have been entered on the line reserved after he or she was registered with an NHS general practitioner. If this was the practice, children who died in the neonatal period and so had no contact with a general practitioner would never have had their details transcribed onto the NHSCR. For the children in category 2, although details of the child's birth were entered on the NHSCR, no further details, either of the health authority of the child's general practitioner or of the death of the child, were recorded. The number of cases in categories 1 and 2 suggests that there may have been a policy in that era of not recording at NHSCR details of those children known to have died soon after birth. In terms of National Health Service administration, of course, there would have been little value in doing so. It must also be noted that epidemiological studies using the NHSCR did not commence until some years later and it would have taken considerable foresight to anticipate a study such as the present one at that time.
The remaining categories of missed deaths affected all ages. If the identifying particulars given by the informant of the death differed from those held by NHSCR, there may have been a failure to match the death to a birth on NHSCR. The proportion of deaths missed during the scanning process (category 5) is of the order one might reasonably expect from an entirely clerical exercise in these much accessed and hand transcribed ledgers, many of which are over 40 years old.
The higher proportion of missed deaths reporting "conditions originating in the perinatal period" as a cause is consistent with the predominance ofdeaths ofneonates among missed deaths (see table 5 ).
The question arises as to what extent mortality studies which rely on NHSCR are likely to be biased by missed deaths. The present study is unusual in its reliance on visual scanning of the NHSCR. Retrospective studies more typically require the tracing of individual study members whose personal details are submitted by the researcher. For prospective studies, individuals may be flagged on NHSCR so that the researcher is notified of any future event, such as death, cancer or emigration. With the exception of the 70 cases with a blank entry at the NHSCR and the 22 cases with no date of death noted (see categories 1 and 7 of  table 3 ), all other categories of missed deaths, (6.8% of all deaths), would be pertinent to both tracing and flagging studies. There is no reason to expect that national or regional statistics for deaths, including neonatal deaths, are underestimated due to the problems identified in the present study, as they are derived from counts ofbirths and deaths independently of NHSCR.
The NHSCR was computerised in 1991 and much of the potential for human error has now been eliminated. Many of the updating and event notification processes are automated. Although a formal review of the impact of computerisation has not taken place as yet, the effect on data quality is generally regarded to have been extremely positive. In particular, the difficulties of missed death registrations should be substantially reduced for prospective studies.
There have been two previous studies of completeness of ascertainment of deaths using NHSCR.
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